This study evaluated the metabolic response of broilers fed diets containing increasing crude glycerine levels in two bioassays. Birds were house in metabolic cages, and were distributed according to a completely randomized experimental design with five treatments of 4 replicates each (1 st assay: 5 birds/ cage; 2 nd assay: 1-20 days = 8 birds/ cage, and 21-42 days = 4 birds/cage). Treatments consisted of a control diet based on corn and soybean meal, and four other diets containing 2.5%, 5.0%, 7.5% and 10.0% glycerine derived from biodiesel. In experiment I, there was no effect (p>0.05) of glycerol level on liver weight or blood parameters. Serum blood glycerol levels of the birds fed 10% crude glycerine increased during the first nine days of diet intake (p<0.05). In experiment II, water intake increased (p<0.05) in the birds fed 7.5 and 10.0% crude glycerine at 4 and 8 days of age. Feed intake increased (p<0.05) on days 8 and 12 in birds fed 2.5 and 7.5% glycerine. Fecal moisture increased (p<0.05) in birds fed diets with 5.0, 7.5, and 10.0% crude glycerine on days 16 and 20. Ileal content moisture was not different (p>0.05) among treatments when birds were 42 days old. High dietary glycerine levels may induce metabolic change in broilers, such as increased blood glycerol level, water intake and fecal moisture.
approximately 70% of total production costs.
In addition to agricultural research, several studies have been carried out on the use of renewable energy sources, particularly biodiesel. With the increasing production of biodiesel, a potential new energy feedstuff is available: crude glycerine, a byproduct of biodiesel production (Peres et al., 2005) .
The use of byproducts in livestock feeds may reduce production costs and consequently increase profitability. Depending on its price, glycerine can partially replace corn in animal feeds (Cerrate et al., 2006) as it is energy-rich (4.320 kcal gross energy per kg for pure glycerol) and efficiently metabolized by animals.
Glycerine is the commercial name of glycerol, an alcohol that is part of all triglyceride molecules found in animal and plant tissues (Pond et al., 2005) . After absorption, glycerol can be converted in glucose (Emmanuel et al., 1983) via gluconeogenesis or oxidized for the production of energy via glycolysis and citric acid cycle (Rosebrough et al., 1980) , which is the metabolic destination of 60% of glycerol under basal conditions (Robergs & Griffin, 1998) .
Therefore, the objective of this study was to identify the metabolic response of broilers fed diets containing crude glycerine and the effects of this feedstuff on some blood parameters.
MATeRIAlS And MeThodS
Two bioassays were carried out at the experimental poultry house of the Department of Animal ScienceNon-Ruminant Sector of Escola Superior de Agricultura "Luiz de Queiroz", located in Piracicaba, SP, Brazil. In both experiments, increasing levels of crude glycerine (0, 2.5%, 5.0%, 7.5%, or 10.0%) were added to broiler diets. Crude glycerine was purchased from the company Caramuru Alimentos Ltda and its composition was analyzed in a commercial laboratory (Table 1) . The ingredients and calculated nutritional composition of the experimental diets are presented in Tables 2, 3 , 4, and 5.The gross energy value of 3,620 kcal/kg was obtained in a calorimetric bomb and for diet formulation, the metabolizable energy value was considered as 90% of the gross energy value (3,258 kcal AMEn/kg). Glycerol, total chloride, and sodium contents of the glycerine were measured to correct diet formulation. In the experiment I, 100 20-d-old male Cobb-500 ® broilers were used. Birds were housed in a metabolism room containing two batteries of 12 metal cages each for growing broilers. Cages were 0.70m long, 0.66m wide, and 0.34m high, with wire mesh floor, and equipped with stainless steel trough feeder and drinker and a removable tray under the cage. Before the experiment started, birds were submitted to period of adaptation to the cages and diets for three days. Environmental temperature was daily recorded, and birds were maintained under thermoneutral conditions according to age with the aid of fans and foggers. The nutritional requirements treatments consisted of five increasing levels of crude glycerine inclusion (0, 2.5%, 5.0%, 7.5%, or 10.0 %; Table 4) in diets based on corn and soybean meal formulated according to the feedstuff chemical composition and nutritional requirements proposed by Rostagno et al. (2011) . Birds were distributed according to a completely randomized experimental design consisting of five treatments with four replicates of five birds each, totaling 20 experimental units. Water and feed were offered ad libitum. Crude glycerine was included in the nutritional matrix using the value of 3,258 kcal AMEn/kg and the sodium and chlorine values were adjusted according to the composition of glycerine.
Blood samples were collected when birds were 23, 26, 29, 32, and 53 days old to quantify glycerol serum level. Approximately 5mL of blood were collected from four birds per treatment by brachial vein puncture. The blood was then centrifuged at 3,000 rpm for 5 min at 4°C to obtain the serum, which was stored in a freezer (-18 °C) until biochemical analysis.
Four birds per treatment were sacrificed at 35 days of age by neck dislocation to collect the liver, which was immediately frozen at -18°C.
Liver and serum glycerol levels were quantified by ultra-performance liquid chromatography (UPLC; Acquity TM , Waters). The main advantage of this method is its excellent efficiency in separating analytes, even with high flow rates during the mobile phase. As a result, the resolution is better, analysis time is reduced, and detectability is improved (Swartz, 2005) .
Before blood collection for the determination of cholesterol and triacylglycerol levels, birds were feedfasted for 12 hours. On the following day, blood was collected by brachial vein puncture of four birds per treatment at 36 days of age. Blood was collected in vacutainer ® tubes with anticoagulant to allow plasma separation. Tubes were centrifuged at 3,000 rpm for 5 min at 4°C, and the plasma was removed using a manual pipette and stored at -18°C. Cholesterol and triacylglycerol levels were determined by the colorimetric enzymatic method using commercial kits (Laborlab ® ) with reading at 505 nm in a spectrophotometer, according to the method of Lumeij (1997) , and expressed in mg/dL.
In experiment II, 160 male Cobb-500 ® broilers purchased from a commercial hatchery were used. In this experiment, water consumption, feed intake, and fecal and ileal content moisture were evaluated as a function of increasing dietary glycerine levels. Birds were distributed to the same treatments described in Experiment I, but the feeds were formulated according to rearing phase: pre-starter (1-7 days), starter (7-21 days), grower (21-35 days), and finisher (35-42 days), as shown in Tables 2, 3 , 4, and 5. The bioassay was carried out in two phases. In the first phase, groups of eight birds were reared in metabolic cages provided with heating. In the second phase, after 21 days of age, birds were transferred to other cages in order to have four birds per cage. Cages were equipped with a tray for excreta collection, and trough feeder and drinker. Environmental temperature was daily recorded, and birds were maintained under thermoneutral conditions according to age.
In both phases, birds were distributed according to a completely randomized experimental design consisting of five treatments with four replicates of five birds each, totaling 20 experimental units.
Water consumption and feed intake were recorded for 24h every four days (1-40 days of age). The excreta produced during a 3-h period were collected after day 16 because heating was previously used. Excreta were collected on the same days that feed intake and water consumption were recorded. The collected excreta were placed in duly identified aluminum recipients and frozen at -18°C until the end of the collection period. Excreta were then thawed, homogenized, and a significant sample was removed and weight. Samples were pre-dried in a forced-ventilation oven at 55°C for 72 hours, weighed, ground in 1mm-mesh mill, and dried in the oven at 105 ºC for 24 hours to determine final dry matter content.
Four birds per treatment were sacrificed by neck dislocation for ileal digesta collection. The ileum was determined as the section between Meckel's Supplied per kg diet: Vitamin A, 9,000 IU; Vitamin D3, 2.500 IU; Vitamin E, 20 IU; Vitamin K3, 2.5 mg; Vitamin B1 (thiamin), 1.5 mg; Vitamin B2 (riboflavin), 6 mg; Vitamin B6 (pyridoxine), 3 mg; Vitamin B12 (cyanocobalamin), 12 µg; Pantothenic acid, 12 mg; Niacin, 25 mg; Folic acid, 0.8 mg; Biotin, 0.060 mg; Selenium, 0.25 mg.
2 Coxistac -12% salinomycin.
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diverticulum and the ileocecocolic junction. Ileal content was collected, weighed, freeze-dried for 72 hours, and weighed again. Blood parameters, liver weight, and liver glycerol level data were submitted to analysis of variance by the GLM PROC of SAS 9.2 statistical package. Means were compared by the test of Tukey at 5% probability level. Serum glycerol level, water consumption, feed intake, and excreta moisture data were submitted to analysis of variance considering the best covariance structure, as these were repeated measures in the flock, in order to evaluate the importance of the effects of treatment (diets), sampling times, and treatment vs. time interaction. If the effect of the diet or of the interaction was significant (p<0.05), data were submitted to analysis of regression.
ReSulTS And dISCuSSIon
The results of dietary crude glycerine inclusion vs. time of serum glycerol sampling are shown in Figure  1 . There was an effect of the interaction (p<0.05) between dietary glycerine levels and time of collection on serum glycerol levels, which increased on days 3, 6, and 9 in birds fed 10.0% glycerine and returned to the level of the controls after day 9.
In this study, birds fed up to 7.5% crude glycerine were capable of metabolizing glycerol easier than those fed 10%, which is consistent with findings of Gianfelici (2009) . According to Lin (1977) , normal blood crude glycerine levels are 0.1 mM in rats and 0.05-0.1 mM in humans. Simon et al. (1996) evaluated blood glycerol levels in broilers two hours after feeding and observed that those fed the control diet presented Supplied per kg diet: Vitamin A, 9,000 IU; Vitamin D3, 2.500 IU; Vitamin E, 20 IU; Vitamin K3, 2.5 mg; Vitamin B1 (thiamin), 1.5 mg; Vitamin B2 (riboflavin), 6 mg; Vitamin B6 (pyridoxine), 3 mg; Vitamin B12 (cyanocobalamin), 12 µg; Pantothenic acid, 12 mg; Niacin, 25 mg; Folic acid, 0.8 mg; Biotin, 0.060 mg; Selenium, 0.25 mg.
0.65 mM blood glycerol, whereas this level increased for 4.36 mM in birds fed 5% dietary glycerol and ranged between 11.24 and 54.17 mM when the diet was supplemented with up to 20% glycerol. The blood glycerol levels obtained in the present bioassay, ranging between 15mg/100g (1.80 mM) and 85mg/100g (9.00 mM) in broilers fed up to 10% glycerine, are lower than those observed by those authors. According to Robinson & Newsholme (1969) , the enzymatic capacity of glycerol transformation in the body is limited, and when its consumption exceeds this capacity, it may not be completely metabolized, thereby increasing its blood levels. Lammers et al. (2008) observed that finishing pigs can metabolize up to 10% glycerol in the diet, and Ponciano Neto (2011) reported that dogs present greater glycerol metabolization capacity than other non-ruminant animals. However, in broilers, the inclusion of 10% glycerol in the diet exceeds broilers' capacity to metabolize glycerol, thereby increasing blood glycerol levels (Gianfelici, 2009 ). 
Effects of Glycerol on the Metabolism of Broilers FED Increasing Glycerine Levels
Glycerol is metabolized mainly in the liver and kidneys, but other tissues, such as the brain, lungs, intestinal mucosa, adipose tissue, skeletal and heart muscles, leukocytes, fibroblasts, and sperm also use glycerol, but in small amounts (Stryer et al., 2008) . Vernon & Walker (1970) showed that the enzyme glycerol kinase is the limiting factor of glycerol metabolism. Lin et al. (1976) reported that the use of glycerol depends on the enzymes glycerol kinase and dehydroxyacetone phosphate dehydrogenase. When their capacity is exceeded, glycerol can no longer be metabolized, and consequently, excreted by the body. It is assumed that excessive glycerol is excreted in the urine, particularly at high dietary inclusion levels (Bartelt & Schneider, 2002; Dasari, 2007; Gianfelici, 2009) .
Excessive dietary glycerol may induce anatomical, physiological, and biochemical adaptation, especially of the liver and also of the kidneys (Cryer & Hartley, 1973) . Lin et al. (1976) studied the effect of glycerine on the lipogenic activity of rats and broilers and showed that the 20% addition in the diet of rats for three weeks increased liver weight and promoted a marked increase in the activity of liver lipogenic enzymes. However, in broilers, no changes in liver weight and a decrease in the activity of lipogenic enzymes were observed.
In the present study, however, no color changes or lesions were observed during the gross examination of the livers of broilers at sacrifice, which is consistent with Kijora et al. (1995) , who did not find any liver or kidney changes in pigs fed diets with up to 10% glycerine inclusion.
Also, liver glycerol concentrations were not significantly different (p>0.05) among treatments, whereas Simon et al. (1997) found that glycerol concentration increased from 18 µmol/g to 40 µmol/g in the liver of broilers fed 0 to 25% glycerol. Supplied per kg diet: Vitamin A, 5,400 IU; Vitamin D3, 1,500 IU; Vitamin E, 12 IU; Vitamin K3, 1.5 mg; Vitamin B1 (thiamin), 0.9 mg; Vitamin B2 (riboflavin), 3.6 mg; Vitamin B6 (pyridoxine), 1.8 mg; Vitamin B12 (cyanocobalamin), 7.2 µg; Pantothenic acid, 7.2 mg; Niacin, 15 mg; Folic acid, 0.48 mg; biotin, 0.036 mg; selenium, 0.15 mg.
2 Supplied per kg diet:
Cu, 10 mg; Fe, 50 mg; Mn, 75 mg; Co, 1 mg; I, 1 mg; Zn, 50 mg.
There was no significant difference (p>0.05) in total cholesterol and triacylglycerol blood levels between the control group and those fed diets with different glycerine inclusion levels. Figure 2 shows the water consumption results of the broilers fed increasing glycerine levels. There was an interaction (p<0.05) between glycerine levels and bird age. At 4 days of age, the broilers fed diets with 2.5, 7.5, and 10% crude glycerine presented significantly higher (p<0.05) water consumption. Also, at 8 days of age, water consumption was significantly higher in the treatments fed 5.0. 7.5, and 10% glycerine, but there were no statistical differences (p>0.05) in water intake at the other evaluated ages. The increase in water consumption observed on days 4 and 8 may be related to an adaptation period of the birds fed glycerine. It must be noted that sodium levels were corrected when formulating the diets.
Gianfelici (2009) evaluated daily water consumption of broilers fed 0, 2.5, 5.0, 7.5, and 10% glycerine between 21 and 38 days of age and observed an increase in water consumption and excretion at glycerine levels of 7.5% and higher. The results of the present study do not agree with the findings of Gianfelici (2009) possibly because that author, when formulating the experimental diets, did not take into account glycerine sodium levels, which may have exceeded broilers' sodium nutritional recommendations. According to Simon et al. (1997) , the increase in water consumption and excretion may be influenced by glycerine sodium or potassium levels, which may vary as a function of the processing method used to obtain this product.
There was an effect of the interaction (p<0.05) between glycerine levels and bird age on feed intake. At 8 and 12 days of age, the broilers fed 2.5 and 7.5% crude glycerine presented higher feed intake than those fed 10.0% glycerine (Figure 3) . At the other evaluated ages, there were no differences in feed intake. Simon et al. (1997) , Cerrate et al. (2006) , and Silva (2012) evaluated glycerine inclusion in broiler diets and concluded that high dietary levels of glycerine increased feed intake on the first days of rearing. However, in the present study, feed intake increased only at the level of 2.5% dietary glycerine, disagreeing with aforementioned studies that showed that feed intake increased as a function of increasing dietary inclusion of glycerine. Also, our results are different from the findings of Fernandes et al. (2012) , who did not observe any effect on feed intake when including 0, 2.5, 5.0, 7.5, 10.0, or 12.5% distilled glycerine in the diet of 1-to 8-d-old broilers. On the other hand, reported that feed intake increased as glycerine inclusion levels increased in the diets of 22-to 34-d-old broilers. *Significant effect by the F test at 5% probability level The results obtained from 16 to 40 days of age (Figure 4) show that the birds fed 5.0, 7.5, and 10.0% crude glycerine presented significantly higher (p<0.05) fecal moisture at 16 and 20 days of age, but not at the other evaluated ages. This is consistent with the findings of Gianfelici (2009) , who observed significant increase in fecal moisture in broilers fed high glycerine levels. Boso (2011) evaluated the inclusion of crude and semi-purified glycerine in layer diets, and reported that excreta moisture increased as dietary glycerine level increased, attributing this result to the glycerine sodium levels (1.990 and 1.040% for crude glycerine and semi-purified glycerine, respectively). Cerrate et al. (2006) also found increased litter moisture when 10% glycerine in broiler feeds, and argued that this was possibly due to the 0.15% excess in potassium derived from the residue of the catalyzer used in the transesterification reaction. evaluated the inclusion of increasing glycerine levels in broiler diets and detected increased litter moisture in the birds fed 10% glycerine after the third week of rearing. Therefore, in the present study, no association between water consumption and excreta moisture, as influenced by dietary glycerine levels, was detected. It must be noted that, after 32 days of age, the excreta of broilers fed diets with 7.5 and 10% glycerine had an appearance of diarrhea, possibly due to excessive glycerol that was excreted in the urine.
There were no differences (p>0.05) among treatments as to ileal digesta moisture (data not presented). These results are consistent with those of Gianfelici (2009) , who did not find any effect of dietary glycerine on ileal content moisture.
*Significant effect by the F test at 5% probability level 
ConCluSIonS
Broilers are capable of adequately metabolizing glycerol when the diet contains up to 7.5% crude glycerine, but unfavorable metabolic changes may be present when higher levels are fed.
